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Breakfast cereals are extruded products and have crispness, usually, it is consumed in the hydrated form with 
milk which can cause great absorption of humidity and alteration of its characteristics. In order to study the 
hydration kinetics above the characteristics of the cereal, a 2³ design, having as independent variables time, 
temperature and the proportion of hydration. The data were treated using the response surface methodology, 
empirical models and artificial neural network. Physicochemical analyses were performed during hydration to 
monitor and analyze possible changes at milk and cereal composition. The processing conditions caused a 
significant effect (<0.05) on moisture and ash analysis at cereals and ashes and reducing sugars in milk. 
When compared to empirical models of the literature, the neural network presented better adjustments and 
greater capacity to predict the response variables behavior (R2 = 0.97). 
Keywords: Kinetics, Mass transference, Hydrolysis. 

1.  Introduction 

Taking into account the importance of milk consumption and the lactose intolerance that many people have, 
the production of reduced lactose content or lactose free products has started (Feijoo et al., 2017). 
Breakfast cereals are extracted from ultra-processed foods, long consumed. They are highly nutritious being 
mainly maize with or without the addition of other ingredients during processing (Siqueira et al., 2018). 
Grains and cereals humidification depends to variables such as temperature and initial water content. The 
water content variation in grains and cereals on a certain period of hydration can be used to describe the 
behavior of hydration data through mathematical modeling using empirical or phenomenological models, 
which allows simulating the parameters and processes behavioral (Balbinoti et al., 2018). The artificial neural 
network is a computational model composed of simple processing elements (artificial neurons) which apply a 
certain mathematical function to the data (activation function) generating a unique response (Binoti et al., 
2014). The objective of this work was to study the kinetics of morning cereal hydration with skimmed and 
hydrolyzed milk for quality loss analysis physicochemical during the mass transfer process and determination 
of the best behavior prediction model. 

2. Material and methods 

The milk used was of the skimmed type, purchased in local commerce, in its bottled form and ready for 
consumption. Commercial β-galactosidase (lactase) enzymes from Kluyveromyces lactis yeasts (Maxilact® 
LX-5000), according to the legislation specification (Brazil, 2003). For the hydrolysis process, 1% of the 
enzyme was used over a period of 90 minutes at a temperature of 37 °C. 
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The cereal used was maize (sugar), purchased from the local shops and hydrant fluid was hydrolyzed 
skimmed UHT milk, both in its form ready for consumption. In this step, a full 2³ factorial planning (levels ± 1) 
was used, adding 3 central points (level 0), totaling 11 trials (Table 1). 

Table 1: Experimental design for hydration tests. 

Essay Coded Variables Real Variables 
X1 X2 X3 Proportion (%) X2 (°C) Time (min) 

1 +1 +1 +1 1/10 55 90 
2 +1 +1 -1 1/10 55 30 
3 +1 -1 +1 1/10 45 90 
4 +1 -1 -1 1/10 45 30 
5 -1 +1 +1 1/15 55 90 
6 -1 +1 -1 1/15 55 30 
7 -1 -1 +1 1/15 45 90 
8 -1 -1 -1 1/15 45 30 
9 0 0 0 1 / 12.5 50 60 

10 0 0 0 1 / 12.5 50 60 
11 0 0 0 1 / 12.5 50 60 

 
Moisture, ashs, protein, crude fiber, and lipids analysis were carried out in the cereal during hydration, as well 
on cereal before the hydration process. Soluble solids analysis, reducing sugars, ashs, density and lipids of 
the milk moisturizing fluid were performed during the hydration process, also the fluid before being subjected 
to the hydration process. All analyses were performed following the methodology of the Adolf Lutz Institute 
(IAL, 2008). To evaluate the effects of time, temperature and hydration ratio (independent variables) on 
response variables (in-process analyzes), the response surface methodology was used for data processing 
(Box, Draper, 1987). The hydration was conducted under the condiciones of table 1. The procedure was done 
in a water bath (TECNAL, model TE-0541-1), with temperature control. The hydration was done in triplicate 
(with 2 replicates), and occurred for 2 hours, with the cereal removal at different immersion times (15, 30, 45, 
60, 75, 90, 105 and 120 minutes) for analysis of the milk absorption kinetics. Based on the mass increasement 
of the samples due to the initial mass, the milk content was calculated for a given instant. Were used two 
empirical models cited in the literature: Peleg Model and Exponential Model. 
The parameters models were estimated by performing a non-linear regression using the least squares 
method, using the STATISTICA 7.0® software. The degree of adjustment of each model considered the 
magnitude of the coefficient of determination (R2), the magnitude of relative mean error (Eq. 1) and the 
standard error of the estimate (Equation 2) that were calculated by the following expressions: 

                                                                                                                                               (1) 

                                                                                                                                               (2) 
Where Y is the experimentally observed value, Ŷ is the model estimated value, n is the experimental 
observations number and GLR represents the degree of freedom (number of model parameters subtracted 
from the number of observations). 
Eq. 3 represents the Peleg Model. C1 and C2 represent the constants of the model (Peleg, 1988). 

                                                                                                                                          (3) 
The exponentiation l model is represented by Eq. 4, where k2 is the constant model (Cox et al., 2012): 

                                                                                                                                (4) 
To perform the Artificial Neural Network (ANN), a data processing was necessary. Both the input and the 
output data were normalized before feeding into the ANN, according to Equation 5: 

                                                                                                                                       (5) 

The network performance was measured by the linear correlation coefficient (R²), the mean relative error (P) 
and the standard error of the estimate (SE). The network was developed with the programming language 
python. 
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3.  Results and Discussion 

Portaria 29/98 (Brazil, 1998) establishes the content of 0.5% as a safe level of lactose for ingestion by people 
with intolerance to this nutrient. According to the results, the use of hydrolyzing 1% β-galactosidase for a time 
of 90 minutes and a temperature of 37 ° C is adequate and safe for consumption by persons with lactose 
intolerance. Similar conditions were found for milk hydrolysis tests using the same enzyme (Campos et al., 
2015). The data obtained in the analysis of moisture, ash, protein, lipids and crude fiber for the cereal and, in 
the analyzes of ash, soluble solids, lipids, density and reducing sugars for the milk before and after the 
hydrolysis, are in agreement with established by the Brazilian Table of Food Composition (TACO), (2011) for 
corn cereals without sugar and milk. Figure 1 shows the response surface plot for the humidity results 
obtained during the hydration process. It is observed that the increasement in temperature, as well as the 
bigger amount of available fluid, raise the absorption of the cereal. This behavior can be explained by the fact 
that the higher temperature influences the diffusion of liquids inside grains and cereals, increasing the 
available area inside the food and facilitating the entrance of the fluid. This may be worrying about the 
increased hydration time, as it may cause the cereal barriers to break, expanding it, and causing the moisture 
content to drop considerably (Borges et al., 2017). A similar result was observed with some types of grains 
such as chickpeas and soybeans (Fracasso et al., 2014; Pramiu et al., 2015). 

 

Figure 1: Behavior in response surface of cereal moisture during the hydration process. 

In Figures 2(a), 2(b) and 2(c) we can observe the ashes behavior during the hydration process in the cereal. 
The response surface graph for the interaction Time x Proportion of cereal during hydration (Figure 2a) shows 
that the ash content is higher when the hydration time is longer and the amount of fluid available in the 
process is lower. The mass transfer tends to decrease with the fluid concentration increasement in the grain or 
cereal because the system leads to come into equilibrium (Das et al., 2015), but with a long hydration time, 
the cereal tries to absorb the maximum fluid to this interior, incorporating the minerals available in the milk.  
Figure 2(b) shows that in the interaction Temperature x Time hydration at high temperatures over a long time 
interval causes an increasement at the ash content in the cereal. Figure 2(c) shows the response surface 
graph of the Temperature x Time interaction for the hydrating fluid during the hydration process. It is possible 
to observe that at time and temperature of hydration, there is a enhancing amount of ash presents on the milk. 
This behavior was the inverse one found for analysis of cereal ash, indicating a transfer of ash from the milk to 
the cereal confirming the fact that the mass transfer is greater with the increasement of temperature during the 
kinetics of grains and cereals hydration. Similar behavior was observed during soybeans and beans hydration 
kinetics, respectively (Somavilla et al., 2016). 

 
Figure 2: Behavior in response surface of cereal ashes (a) and (b) and ashes in milk (c) during the hydration 
process. 
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Figure 3 presents the response surface graph that shows the behavior of the content of reducing sugars in the 
milk during the cereal hydration process. The ratio of 1/10 (cereal/milk) over a longer period of hydration 
showed higher rates of lactose reducing sugars, which is advantageous since it is intended to obtain a 
hydrated cereal for lactose intolerant. 

 
Figure 3: Behavior in response surface of reducing sugars in milk during the hydration process. 
 
The other analyzed characteristics did not change significantly. 
Table 2 presents the R² values and the models estimated by the response surface. The equations show a 
good fit of the graphs since they present a correlation coefficient above 0.69 (Silva et al., 2017). 
Table 2 shows the parameters models applied to the moisture absorption kinetics at the morning cereal. It is 
noticed that, in general, there is a decreasement of the C1 and C2 Peleg model’s constants with the 
temperature increasement in the process thus occurring the raise of the equilibrium moisture (Ueq). This 
behavior was also observed on the hydration and beans birdseed studies, respectively (Feijoo et al., 2017; 
Pramiu et al., 2015). The Peleg model’s constant C1 is related to the mass transfer ratio and the smaller their 
values are, greater is the initial water absorption rate and the C2 constant is related to the capacity of water 
absorption, and the lower its value, greater is the product’s water absorption (Galdeano et al., 2014). 

Table 2: Cereal analysis R² values and equations response surface graphs. 

 ANALYZE INTERACTION R² EQUATION 

 
 
CEREAL 

Moisture Prop. x Temp. 0.80 Z = 151.24-2039.48x + 13423.66 * x2 + 0.184y 
Ashes Prop. x Time 0.94 Z = 7.43-123.85x + 712.71x2-0.005y + 0.13xy 
 Temp. x Time 0.83 Z = 21.62-0.78x + 0.01x2-0.002y + 0.00013xy 

 
 
MILK 

Reducing sugars Prop. x Time 0.81 Z = 0,57-5,84x 33,26x2+ 0,0003y 0,003xy 

Temp. x Time 0.94 Z = 1.19-0.03x + 0.0003x2-0.001y + 0.00003xy 

Ashes Temp. x Time 0.98 Z = 24.82-0.94x + 0.01x2-0.01y+ 0.0002xy 

 
Table 3:  Peleg and Exponential models’ parameters applied to the moisture absorption kinetics at morning 
cereal and statistical indices.  

 Peleg Exponential 
Prop. T (°C) R² SE P (%) C1 C2 Ueq R² SE P (%) k2 Ueq 

1/10 

45 0.97 1.48 4,84 0,12 0.06 21.14 0.90 2.50 15.82 22.69 20.46 

50 0.99 0.95 2.61 0.04 0.06 21.96 0.93 2.14 13.73 25.32 21.70 

55 0.97 1.85 5.91 0.12 0.05 25.23 0.92 2.81 17.29 25.09 24.2 

1/12.5 

45 0.97 1.33 5,46 0.02 0.07 18.86 0.89 2.32 16.54 23.62 18.93 

50 0.97 1.32 4.83 0.20 0.06 22.07 0.90 2.52 16.29 21.76 20.89 

55 0.97 1.58 5.16 0.03 0.06 22.62 0.92 2.51 16.23 27.34 22.82 

1/15 

45 0.98 1.11 4.61 0.10 0.07 19.57 0.90 2.26 15.83 21.77 19.11 

50 0.91 2.58   9.6 0.11 0.07 20.08 0.85 15.06 20.60 26.73 20.67 

55 0.94 2.12 7.19 0.12 0.06 20.65 0.88 3.07 19.74 29.45 21.71 

 
In the exponential model, the k2 constant is related to the absorption rate. In Table 3 are described k2 values 
during absorption. It can be seen that at higher temperatures the absorption speed is increased. Similar 
results are reported in the literature for hydration of transgenic maize, which the authors observed fast water 
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absorption by the grains and the subsequent reduction of this phenomenon approaching equilibrium 
conditions (Marques and Jorge, Jorge, 2015). 
The values of the coefficients of determination (R²), mean relative error (SE) and standard error of estimate 
(P) for the Peleg and Exponential models adjusted during the cereal hydration, are shown in Table 3. Thus, 
the Peleg model presented better results than the Exponential model, since the Peleg model determination 
coefficient reached 99% and the mean relative error did not exceed 2.58, as well as the standard error of the 
estimate, was below 10%. 
Figure 4 shows the milk absorption data at the morning cereal through ANN adjustment and compared to the 
Peleg model (which compared to the exponential model presented a, better fit). The Artificial Neural Network 
obtained better SE and P values and R² values satisfactory (0.97) and similar to that observed by the Peleg 
model. This tool has been used by many authors due to their effectiveness on data adjustment and the 
possibility of joint analysis of input data (independent variables) and output data (dependent variable), 
presenting the general correlation of all parameters studied (Lima et al., 2016). 

 

 
Figure 4: Correspondence between experimental and estimated ANN values for milk absorption at the 
morning cereal. 
 
In order to define the model that indicates the best fit to the experimental data, were observed the coefficient 
of determination (R²), the standard error of the estimate and the mean relative error (Reis et al., 2015). 
Considering these parameters, the neural network presented data adjustment superior to the empirical models 
abundantly studied in the literature (Vásquez et al., 2018). 

4.  Conclusions 

The treatment conditions used during the cereal hydration kinetics with skimmed and hydrolyzed milk had a 
significant effect on the characteristics of both cereal and milk during the mass transfer process. 
The milk cereal hydration kinetics was satisfactorily explained by the response surface. From the empirical 
models, Peleg's model was the one that best fit the experimental data. However, the Artificial Neural Network 
(ANN) presented better adjustments than the Peleg model, representing more satisfactorily mass transfer 
phenomenon. 
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